Background: Gastric cardia intestinal metaplasia (CIM), denoted by goblet cells is common. The frequency of persistent CIM is unknown. Methods: 85 patients with CIM and follow-up endoscopies were prospectively identified during the time period of 10/6/94 -12/21/97. The presence of goblet cells was the defining feature of CIM, other metaplastic cell types were not evaluated. All 85 patients initially had biopsies that straddled the squamocolumnar junction (SCJ) showed CIM, an otherwise normal proximal stomach, lower esophagus, and squamocolumnar junction. The SCJ lay within the 2 cm of mucosa immediately proximal to the uppermost gastric fold and overlaid the junction of the tubular esophagus and the saccular dilatation of the stomach in all patients. The patients underwent endoscopy for many reasons. They were randomly identified based on the absence of a hiatal hernia and the presence of CIM. Results: Ten of the 85 patients had CIM on repeat biopsy. Among patients with no CIM in the first repeat endoscopy, the degree of cardia inflammation decreased between the initial and first repeat endoscopy, whereas there was no change in the amount of inflammation among patients who had CIM in the first repeat endoscopy. The changes in mean inflammation score was significantly different between the two groups (P ‫؍‬ .024). Twenty-two patients underwent a second repeat endoscopy and five had a third repeat endoscopy. Including all follow-up biopsies, six of the 85 patients (7%) had CIM. Four patients who did not have CIM on initial repeat endoscopy had CIM on their second repeat endoscopy, probably reflecting sampling issues. None of the biopsies had dysplasia. Conclusions: Cardia inflammation is a stimulus for cardia intestinal metaplasia, and a reduction in in-
Gastric cardia intestinal metaplasia (CIM), defined as goblet cells within cardia mucosa, is a recently described pathologic process that occurs in 6 to 57% of patients with normal squamocolumnar junction regions . Although the columnar epithelium of Barrett's esophagus is thought not to significantly regress, it is unknown whether CIM represents a permanent or reversible metaplasia. Cardia intestinal metaplasia may have the potential to undergo metaplasia back to its original nonintestinalized epithelium.
This study examines histology of follow-up cardia biopsies of 85 patients who had CIM on initial endoscopy to address these questions.
MATERIALS AND METHODS
Eighty-five patients with normal gastroesophageal anatomy and a gastric cardia biopsy that contained intestinal metaplasia, defined as the presence of goblet cells, were prospectively identified during the time period of October 6, 1994 to December 21, 1997 from the file of the William Beaumont Hospital Surgical Pathology Department. Only goblet cells were evaluated; no other metaplastic cell types that have been described in Barrett's esophagus were studied. All patients underwent upper endoscopy for upper gastrointestinal symptoms, had endoscopically normal gastroesophageal anatomy, and had biopsies of the antrum, cardia, and lower esophageal squamous mucosa. All patients came from the practices of eight gastroenterologists. Patients who had prior gastric or esophageal surgery were excluded.
The anatomy of the proximal stomach and lower esophagus was extracted from endoscopy reports and discussions with gastroenterologists, who, if necessary, reviewed the endoscopic photographs of the gastroesophageal junction. Definitions of normal gastroesophageal anatomy were strictly and rigidly applied. All patients included in the study initially had a normal proximal stomach, lower esophagus, and squamocolumnar junction (Z-line). The squamocolumnar junction lay within the 2 cm of mucosa immediately proximal to the uppermost (proximal) gastric fold and overlaid the junction of the tubular end of the esophagus and the saccular dilatation of the stomach. No patients had a prominent or exaggerated squamocolumnar junction in which a columnar mucosa tongue greater than 1 or 2 mm extended into the lower esophagus. The patients underwent endoscopy for many reasons, and were randomly identified based on the absence of a hiatal hernia and the presence of CIM. Inclusion in the study required at least one repeat endoscopy. Patients were also excluded from the study if the presence or absence of specific anatomic features and relationships were not mentioned in the procedure notes or were not clear from the retroflexedpositioned photographs. In order to maintain a cautious and conservative approach to patient inclusion in the study, patients were excluded if there was possibility that a short tongue of columnar mucosa extended above the junction of the saccular stomach and tubular esophagus for a distance greater than 2 mm. Specific symptom information was not recorded. Excluding the specific descriptions of the gastroesophageal junction, endoscopic appearances in relation to categorizing the nature of any inflammation of the lower esophagus and stomach were not used in the study.
All patients initially had a biopsy that straddled the squamocolumnar junction composed of squamous and columnar mucosa via retroflexed endoscope. Most patients also had an additional pure squamous mucosa biopsy procured from the lower 2 cm of the esophagus, and a biopsy fragment composed only of columnar mucosa from the cardia region within 1 cm below the squamocolumnar junction. Tissue was submitted in Hollande's solution. All the blocks were cut in an identical manner. Three levels were cut, with approximately 200 m between each level.
The following histologic features within the cardia mucosa were examined:
Gastric cardia inflammation
Classifications were noted as mild, moderate, or marked using the written criteria and color drawings of the visual analogue scales provided within the updated Sydney Gastritis Classification system (25) . For comparison and statistical purposes, mild inflammation was given a value of 1, moderate inflammation was given a value of 2, and marked inflammation was given a value of 3.
Amount of gastric cardia intestinal metaplasia
Intestinal metaplasia was defined as the presence of goblet cells. All biopsies had Alcian blue, pH 2.5 stains to confirm the presence of goblet cells. The amount of intestinal metaplasia was classified as focal (goblet cells within one foveola or gland), moderate (goblet cells within 2 to 5 foveola or glands), or extensive (goblet cells within more than 5 glands).
Almost all of the patients initially had tissue procured from esophageal squamous mucosa that accompanied gastric cardia mucosa biopsies in the same container and from the gastric antrum that was placed in a separate specimen container. The amount of esophageal squamous GERD changes, cardia Helicobacter pylori infection, and gastric antrum inflammation and Helicobacter pylori infection was quantified in these biopsies, and are reported in a prior study (26) . Too few patients had repeat esophageal squamous or gastric antrum tissue biopsies to allow for meaningful comparisons and analyses. Therefore, this study was restricted to the changes within cardia and SCJ mucosa. Thirtyfive patients (41%) had Helicobacter pylori identified in their antral biopsies.
All of the biopsies were procured with standard, 2.2-mm (closed) cup, standard biopsy forceps. The initial endoscopic biopsies were randomly reviewed as a single group, and the repeat endoscopic biopsies (from all of the endoscopies) were randomly reviewed as a second group. The histology of the patient's initial endoscopic biopsies was unknown when the repeat endoscopic biopsies were being reviewed. Which of the repeat endoscopies was also unknown when the review of the repeat endoscopic biopsies was being performed.
RESULTS

Initial Endoscopy
The median and mean ages at the time of the initial endoscopy were 58 and 55 years, respectively (range, 29 to 74; standard deviation, 10.8 years). Fifty-eight patients (68%) were male. The median number of cardia tissue fragments examined per patient was two (range, one to four).
All patients, by definition of patient inclusion in the study, had goblet cells in the gastric cardia in the initial biopsy. Fifty-six (66%) patients had focal gastric cardia goblet cells, 27 (32%) had moderate goblet cells, and two (2%) had extensive goblet cells. Cardia intestinal metaplasia was present on one biopsy tissue fragment in all of the cases with focal and moderate numbers of goblet cells. Goblet cells were present on two biopsy tissue fragments in one of the two patients with extensive goblet cells, and on three biopsy tissue fragments in the other. The amount of cardia intestinal metaplasia was similar between section levels in all of the cases with moderate or extensive cardia intestinal metaplasia. The amount of cardia intestinal metaplasia was similar between section levels in all of the cases with moderate or extensive cardia intestinal metaplasia. However, it was found on only one of three levels in two biopsies, and two of three levels in one biopsy that had focal intestinal metaplasia.
All of the biopsies had the appearance of incomplete intestinal metaplasia, consisting of gastric foveolar, columnar, and goblet cells. None of the biopsies had complete intestinal metaplasia with columnar absorptive and goblet cells (27) (28) (29) (30) .
Seven patients (8%) had no cardia inflammation, 34 (40%) had mild inflammation, 35 (41%) had moderate inflammation, and nine (11%) had marked inflammation ( Table 1 ). The amount of inflammation was similar between the biopsy fragments. The goblet cells were present in the tissue fragment with the greatest amount of inflammation in eight of the nine cases with marked inflammation. There were no appreciable associations between the amount of cardia intestinal metaplasia and the amount of cardia inflammation (P ϭ .36).
First Repeat Endoscopy
All 85 patients had a repeat endoscopy that was performed at mean and median time periods of 2.07 and 1.98 years after the first endoscopy, respectively (range, 14 weeks to 4.3 years; standard deviation, 0.89 years). The median number of gastric cardia tissue fragments per patient was three (range, one to seven; standard deviation, 1.34). Ten patients had gastric cardia intestinal metaplasia on repeat endoscopy. The median time interval between endoscopies in these 10 patients was 1.13 years (range, 43 weeks to 2.9 years; standard deviation, 0.60 years). Four patients had focal intestinal metaplasia, five had moderate, and one had extensive. Cardia intestinal metaplasia was present in a single biopsy fragment in the four patients with focal and five patients with moderate intestinal metaplasia. Cardia intestinal metaplasia was present in three of six biopsy fragments in the patient with extensive cardia metaplasia. The amount of cardia intestinal metaplasia was similar between section levels in all of the cases with moderate or extensive cardia intestinal metaplasia. The amount of cardia intestinal metaplasia was similar between section levels in all of the cases with moderate or extensive cardia intestinal metaplasia. However, it was found on only one of three levels in one biopsy from the repeat endoscopy biopsies.
Twenty-six patients (31%) had no cardia inflammation, 46 (54%) had mild inflammation, 13 (12%) had moderate inflammation, and no patients had marked inflammation ( Table 1 ). The amount of cardia inflammation was similar in all of the biopsy fragments from each patient. Cardia intestinal metaplasia was absent in all 26 patients with no cardia inflammation. Four of the 46 (9%) patients with mild inflammation, and six of the 13 (46%) of the patients with marked cardia inflammation had cardia intestinal metaplasia. The amount of inflammation was similar in the different biopsy fragments in the patients with moderate and mild inflammation. The biopsy tissue fragment(s) with cardia intestinal metaplasia did not contain an appreciably greater amount of inflammation than did those without cardia intestinal metaplasia.
Eight patients had one to three, 1-to 2-mm long tongues of columnar mucosa that possibly extended into the lower esophagus that were not seen on initial endoscopy. The gastroenterologist who performed the initial and repeat endoscopy was the same in all eight patients. On interrogation of the gastroenterologist, these tongues were equivocally abnormal in three patients, and within the spectrum of normal anatomy in five patients. Four of these eight patients had intestinal metaplasia in the gastric cardia biopsies that were procured from these regions. The histology of these biopsies was identical to the initial endoscopic biopsies. Second Repeat Endoscopy Twenty-two patients underwent a second repeat endoscopy, including all ten patients with CIM on the first repeat endoscopy. The median time period of this endoscopy after the initial endoscopy was 3.1 years (range, 1.1 to 4.6 years; standard deviation, 0.97 years). The median time period of this endoscopy after the first repeat endoscopy was 1.75 years (range, 0.1 to 3.5 years). The median number of gastric cardia tissue fragments was four (range, one to six; standard deviation, 1.0). Seven of the 22 patients had CIM, three had focal, and four had moderate amounts. One of the two patients with no cardia inflammation had cardia intestinal metaplasia and six of the 19 patients (32%) with mild inflammation had intestinal metaplasia ( Table 1 ).
All eight patients who had a short tongue of columnar mucosa in the first repeat endoscopy underwent a second repeat endoscopy. The tongues of columnar mucosa were not seen on the second repeat endoscopy in seven patients. No cardia intestinal metaplasia was present in the second repeat endoscopy cardia biopsies in these seven patients. One of these eight patients, who had a short tongue of columnar mucosa in the first repeat endoscopy, had an identical, single broad based, 2-mm tongue of columnar mucosa that possibly extended into the lower esophagus. A second patient, who had a normal cardia with CIM on the previous biopsy also had a single, broad based, 2-mm tongue of columnar mucosa that possibly extended into the lower esophagus. The same gastroenterologist performed all three endoscopies in each patient. The gastroenterologists thought that the columnar tongue in each patient was equivocally abnormal and within the spectrum of normal anatomy. The biopsies from the columnar tongue and cardia were submitted in the same container for each patient and were comprised of noninflamed cardia mucosa without intestinal metaplasia. The final conclusion was that the short, broad based, columnar tongues were part of a prominent, wavy, but normal SCJ.
Third Repeat Endoscopy
Five patients underwent a third repeat endoscopy, a median of 4.4 years after the initial endoscopy (range, 3.1 to 4.7 years; standard deviation, 0.62 years). The median time interval between this endoscopy and the second repeat endoscopy was 1.45 years (range, 0.8 to 2.0 years). The median number of cardia tissue fragments was four (range, three to five). Three of the five patients had CIM, which was moderate in two and extensive in one. Two patients had no cardia inflammation. Three patients had mild inflammation, all of which had cardia intestinal metaplasia ( Table 1) . Tongues of columnar mucosa were not seen in the lower esophagus in any of the five patients.
Inflammation and Cardia Intestinal Metaplasia
The mean amount of cardia inflammation in initial biopsy specimens was similar between patients with and without intestinal metaplasia in first repeat endoscopy cardia biopsies (1.7 and 1.5, respectively) ( Table 2 ). The mean amount of the first repeat endoscopy cardia inflammation was 0.7 in patients with no cardia intestinal metaplasia on first repeat endoscopy biopsies, and 1.6 in patients with cardia intestinal metaplasia. The change in mean inflammation score was significantly different between patients with no intestinal metaplasia in the first repeat endoscopy biopsies and patients with intestinal metaplasia in the first repeat endoscopy cardia biopsies (Jonckhere-Terpstra, threerow test, exact P value ϭ .024). Comparisons between subsequent endoscopic biopsies were not done because of the small number of patients. Figure 1 shows an overall schematic flow chart of cardia histology from all of the endoscopies. Including all the repeat endoscopic procedures, six of the 85 patients (7%) had cardia intestinal metaplasia on biopsies from their final endoscopy which occurred a mean and median of 2.6 and 2.4 years after the initial endoscopy respectively (range, 0.53 to 4.7 years; standard deviation, 1.02 years). Figure 2 shows the detailed, subsequent biopsy results of the 10 patients with CIM on the initial repeat endoscopy. All 10 patients had a second repeat endoscopy, of which three had CIM. Two of these three patients had a third repeat endoscopy, both of which also had CIM. Figure 3 shows the detailed, subsequent biopsy results of the 75 patients with no cardia intestinal metaplasia on the initial repeat endoscopy. Twelve of the 75 patients underwent a second repeat endoscopy. Cardia intestinal metaplasia was present in four of these 12 patients. Of the four patients with cardia intestinal metaplasia on a second repeat endoscopy, two had a third repeat endoscopy, in which one had cardia intestinal metaplasia, and one had no cardia intestinal metaplasia.
Temporal Relationships of Cardia Intestinal Metaplasia
Epithelial Dysplasia Dysplasia or indefinite for dysplasia epithelial changes were not seen on any of the initial or repeat endoscopy gastric cardia biopsies in the study.
Intraobserver Variation
All of the initial and first repeat endoscopic biopsies were mixed together, reevaluated in a blinded manner, and scored for the amount of cardia inflammation approximately 12 mo after the last first repeat biopsies were evaluated. The simple and weighted kappa statistics values from the symmetry test comparing the inflammatory scores between the two reviews were 0.59 and 0.61, respectively. The change in mean cardia inflammation scores between the initial and first repeat endoscopies was compared using the inflammatory scores from the blinded reevaluation of the biopsies. Identical to comparison using the first set of cardia inflammation scores, the mean cardia inflammation score was significantly different between patients with no intestinal metaplasia in the first repeat endoscopy biopsies and patients with intestinal metaplasia in the first repeat endoscopy cardia biopsies (Jonckhere-Terpstra, three-row test, exact P value ϭ .046).
DISCUSSION
This study found that persistent cardia intestinal metaplasia was present on repeat endoscopy in 7% of 85 patients who had cardia intestinal metaplasia on initial endoscopy. These results are similar to those of DeMeester et al. (31) who noted the disappearance of CIM after fundoplication surgery in 11 of 15 (73%) patients, but are opposite those of a recent study of 251 patients who were followed for 6 mo after completion of Helicobacter pylori therapy (32) . The authors of the latter study reported the highest percentage of patients with CIM in the literature. Forty-four percent of patients had CIM at the start of their study, which increased to 55% at the six-month endoscopy, despite significant decreases in cardia inflammation. The results of this study are questionable because these authors also reported that 18.7% of the patients had cardia dysplasia at the start of the study, which decreased to 2.4% at the six-month endoscopy. Another small study published in abstract form reported persistence of CIM among four patients treated with antiHelicobacter pylori therapy (33) .
Cardia intestinal metaplasia in repeat endoscopic biopsies was significantly associated with greater amounts of inflammation compared to biopsies with no intestinal metaplasia. The amount of initial and first repeat cardia inflammation were almost identical among those patients with cardia intestinal metaplasia on repeat endoscopy. However, CIM was absent in all of the patients with no cardia inflammation on repeat endoscopic biopsies. In those without CIM who continued to have cardia inflammation on the repeat biopsy, cardia inflammation was significantly less than that in the initial cardia biopsy in which cardia intestinal metaplasia was present. Cardia intestinal metaplasia has been related to the amount of cardia inflammation in other studies (5, 22, 26) . Taken together, these results suggest that cardia inflammation is a stimulus for cardia intestinal metaplasia, and a reduction in inflammation may allow the metaplastic mucosa to revert to normal. The median time period between initial and repeat endoscopy in which the majority of patients showed regression of their CIM was 2.07 years. Cardia intestinal metaplasia may be a nonspecific response to cardia inflammation rather than a reaction to a specific etiologic agent (33, 34) .
It will be interesting to observe this group of patients over a long time period in regard to identifying which subgroups of patients, if any, will develop epithelial dysplasia. Once the cardia mucosa has demonstrated the ability to produce goblet cells, is there an increased risk of epithelial dysplasia after the goblet cells have disappeared? Possibly, it is not the presence of CIM in a single endoscopy, but rather persistent CIM that puts a patient at risk for developing epithelial dysplasia. Patients with Barrett's esophagus may be at greater risk for developing dysplasia that those with transitory CIM because Barrett's esophagus is a relatively permanent metaplastic mucosa. In this vein, the future definition of patients who are at increased risk for developing adenocarcinoma of the lower esophagus may be based on the documentation of persistent intestinal metaplasia of the cardia-lower esophageal region. The controversies surrounding the endoscopic, anatomic, and histologic definitions of short segment Barrett's esophagus versus a normal cardia with goblet cell metaplasia may disappear as additional follow-up studies are performed (35) . The six patients with persistent CIM in this study have been placed in Barrett's esophagus type endoscopic surveillance programs (36) . The true incidence of persistent or "reappearing" CIM is unknown given the uncontrolled nature (see below), and the short follow-up period of this study. This topic requires additional study in which factors such as endoscopy technique and interval, biopsy locations, number of tissue fragments procured, and number of slides and levels evaluated are controlled.
There are several limitations to this study of which readers should be aware so that over interpretation and inappropriate conclusions are not drawn. First, it was not a controlled study. The number of biopsies procured from each patient reflects community practice standards, including differences between gastroenterologists. The detection of CIM is dependent on the number of biopsies taken. A greater number of biopsy specimens influences the detection of CIM (5, 9) . Sampling biases, including the number of repeat endoscopies and number of biopsy tissue fragments procured from each patient in this study, undoubtedly impacted the results. Sixty-three of the 75 patients (84%) who had no CIM on initial repeat endoscopy had no additional endoscopies, whereas four of the 12 patients (33%) who underwent a second repeat endoscopy had CIM. This is probably the underlying cause of "reappearance" of CIM in four patients on their second repeat endoscopy, whereas it was not present in their initial repeat endoscopy. Second, this study does not address what, if any, medications the patients were on before initial endoscopy, and the type of medical therapy that was used after the initial endoscopy. Third, the reasons that the repeat endoscopies were performed were not available, for reasons identical to those in the previous point. Fourth, this study contains only a few patients with follow-up endoscopy periods of approximately 3 years, and even fewer with periods of 4 years. The long-term dysplasia risk among patients with CIM remains to be defined. Lastly, eight gastroenterologists performed the endoscopies, which probably introduced variations in definitions despite standardization discussions regarding anatomic landmarks and endoscopic descriptions. Smaller numbers of gastroenterologists would have been optimal for a controlled study. A minority of patients had different persons performing the initial and repeat endoscopies; all these patients had normal gastroesophageal junction anatomy. The gastroenterologist performing the initial and repeat endoscopies was the same individual for all the patients who had equivocal short tongues of columnar mucosa in the repeat biopsies.
This study is noteworthy because the patients were selected for their normal esophagogastric anatomy. Some authors have included short tongues of columnar mucosa in the lower esophagus as normal, and many patients have had hiatal hernias. Both of these conditions can hamper the assessment of normalcy and the distinction between a normal, but exaggerated squamocolumnar junction and short segment Barrett's esophagus (37) . As pointed out by other authors, semantics and definitions can become problematic and obscure authors results (37, 38) .
In conclusion, 93% of patients with CIM on initial endoscopy had no CIM on repeat endoscopy. An absence of CIM on repeat endoscopy was associated with decreased cardia inflammation, suggest-ing that the latter is the stimulus for the intestinal metaplasia.
